In 24 conscious newborn piglets the effects of 20 &kg body weight IV 1-deamino-&~-arginine-vasopressin (DDAVP) in group 1, 5 mg/kg P O indomethacin in group 2, and the combined effects of both drugs in group 3 were studied by measuring urinary flow rate. urinary osmolality, creatinine clearance, total urinary and nephrogenols cyclic-adknosine 3':s'-monophosphate (CAMP) excretion. medullary cAMP content. and renal prostaglandin (PG)E2 and PGF2,, excreiion. DDAVP alone had no-signifilcant effects on the above parameters, whereas indomethacin alone reduced only the PG excretion significantly. When both drugs were administered simultaneously, urinary concentration increased significantly Recent in vivo studies provided evidence that the restricted urinary concentrating capacity of the neonatal kidney results from the inability of the medullary cyclic adenosine 3':5'-monophosphate (CAMP) system to accumulate cAMP sufficiently in the presence of antidiuretic hormone (ADH) (14) in addition to the reduced glomerular filtration rate (2). the structural immaturity of the loop of Henle (5), and the low excretion rate of urea (7). Some observations indicate that the unresponsiveness of the cAMP system to ADH may result not only from a functional immaturity of the medullary adenylate cyclase (20, 22) , but additionally from the interference of renal prostaglandins (PGs) of the E-series with the hydro-osmotic action of ADH. This view is based on the following observations: (1) in isolated collecting ducts, the effect of ADH on the water permeability was blunted when PGEl was applied (10); (2) conversely, in adult mammals when PG synthesis was inhibited the effect of ADH on water reabsorption was increased (1, 3. 8. 17).
Recent in vivo studies provided evidence that the restricted urinary concentrating capacity of the neonatal kidney results from the inability of the medullary cyclic adenosine 3':5'-monophosphate (CAMP) system to accumulate cAMP sufficiently in the presence of antidiuretic hormone (ADH) (14) in addition to the reduced glomerular filtration rate (2) . the structural immaturity of the loop of Henle (5) , and the low excretion rate of urea (7) . Some observations indicate that the unresponsiveness of the cAMP system to ADH may result not only from a functional immaturity of the medullary adenylate cyclase (20, 22) , but additionally from the interference of renal prostaglandins (PGs) of the E-series with the hydro-osmotic action of ADH. This view is based on the following observations: (1) in isolated collecting ducts, the effect of ADH on the water permeability was blunted when PGEl was applied (10) ; (2) conversely, in adult mammals when PG synthesis was inhibited the effect of ADH on water reabsorption was increased (1, 3. 8. 17) .
High concentrations of PGs were found in urine of fetal lambs (23) . and high PGEl levels were inversely correlated with urinary cAMP excretion in premature infants (15) . If a relatively high PGE? formation in the kidney of neonates is indeed a restrictive parameter for renal medullary cAMP accumulation, it should be possible to increase the effect of ADH on urinary concentration by inhibiting PG synthesis.
Therefore. we measured urinary concentration in newborn piglets, both before and after the administration of either DDAVP or indomethacin alone and after administration of DDAVP plus indomethacin. The studies were performed in conscious animals because it has been shown that in the unanaesthetized animal indomethacin does not change renal blood flow (24) , whereas administration of this drug in the anaesthetized dog is associated with a marked fall in renal blood flow (16) .
MATERIALS A N D METHODS

EXPERIMENTAL
Studies were carried out on 24 male conscious piglets (strain. Deutsche Landrasse) within the first 24 hr after birth. The animals weighed between 1000 and 1700 g and had free access to suck. The following protocol was used.
Control Period. In all animals used. first all urine in the bladder was removed by puncturing the bladder suprapubically. Then the urethra was closed by glue and plaster, and each animal was returned to the pigsty and allowed to suck ad libitum. Four hr later, the bladder was punctured again. and the urine was withdrawn quantitatively for control measurements. Simultaneously. a blood sample was taken from the brachiocephalic vein for measurement of cAMP and creatinine.
Experimental Period. After this control period, six piglets received an intravenous (IV) injection (brachiocephalic vein) of DDAVP [20 &kg body weight (b.w.) ] (I-deamino-8-D-argininevasopressin; Ferring) (group I); seven piglets were given indomethacin (Sharp and Dohme) (5 mg/kg b.w.) by a stomach tube (group 2); and nine piglets were given a combination of DDAVP (20 &kg b.w.) IV and indomethacin (5 mg/kg b.w.) by a stomach tube (group 3). All animals were removed from the litter and maintained in a temperature-controlled cage without any fluid. Four hr later. urine and blood were sampled in the same way. as described above. Then the animals were anaesthetized by an injection of lnactin (100 mg/kg) (Byk Gulden) IP, both kidneys were removed immediately and frozen in liquid nitrogen and stored at -20°C until tissue analyses were performed. For control measurements of medullary cAMP content in two piglets. the kidneys were removed after the control period without administration of either DDAVP or indomethacin.
ANALYTICAL METHODS
The blood samples for the determination of cAMP were collected in precooled plastic tubes containing EDTA and centrifuged at 2°C. Then the plasma was stored at -20°C until the determination of cAMP was performed.
cAMP was determined in urine and plasma by Gilman's method (9) using the test kit of Boehringer (Mannheim). The urine was analysed without any further preparation. The plasma was prepared as described by Hamet et al.
(1 1). Urinary PGE? and PGF2,, were measured radioimmunologically (2 1). Urine and plasma osmolalities were measured by freezing point depression. Creatinine was determined according to Jaffe (4) . In medullary tissue, cAMP was determined in the following way. The frozen kidneys were placed on an aluminum plate and kept at a temperature of -10°C. The medulla was separated from the cortex and dissected into slices of 100 to 200 mg. Two ml of ice cold I N perchloric raised and urinary flow rate decreased significantly. This occurred with an unchanged creatinine clearance. Figure 1 demonstrates that this effect of the combined administration of DDAVP and indomethacin in group 3 on the urinary concentrating mechanism was paralleled by an increase of total urinary and nephrogenous cAMP excretion. whereas DDAVP or indomethacin when administered alone did not have any influence. In addition, in group 3. cAMP content of the renal medulla was significantly higher ( P < 0.001) than that observed in the control, DDAVP. or indomethacin groups (Table 2) .
PGE? was excreted in all three groups in predominance over PGF?,,. A significant decrease of both PGE? and PGF2,, was observed after administration of indomethacin alone or in combination with DDAVP. whereas DDAVP alone did not influence the PG excretion significantly (Fig. 2 ).
acid were added to the slic&. After homogenisation in a Potter S homogenizer (Braun Melsungen), ["HICAMP (for recovery) was added. The homogenate was centrifuged, and the pellet was discarded. The supernatant was purified by aluminum oxide columns as described by Jacobs et al. (13) . cAMP and cyclicguanosine 3':5'-monophosphate were separated by column chromatography using Dowex AG 1-X2, 200 to 400 mesh, equilibrated with 0.1 formic acid and eluted with 5 ml 2 N formic acid. The eluates were lyophilized, reconstituted in I ml of double-distilled water, and added to the assay system. The measurements were corrected for recovery (about 60%).
DISCUSSION
In this study on conscious newborn piglets two main findings were obtained: ( I ) even supramaximal doses of DDAVP were cAMP produced by the kidney ("nephrogenous CAMP") was calculated from the difference between the renal excretion rate in urine ("total urinary CAMP") and the rate filtered by the glomeruli (creatinine clearance X plasma CAMP). All results were expressed as means + S.E. Student's t test was used to test for a significant difference between the mean values. Table I summarizes the mean values of urinary concentration, creatinine clearance, CAMP, and renal PGs in the three experimental groups (group I, DDAVP; group 2, indomethacin; group 3, DDAVP plus indomethacin). In control conditions ("before") the results were not significantly different from each other except the excretion rate of PGF2,, in the DDAVP and the indomethacin group ( P < 0.01). Table I shows that only when DDAVP and indomethacin were administered together urinary osmolality 9 P( 0.05.
' P < 0.01.
' P < 0.001. I M e a n f S.E.
indomethacin remained without any significant response of the urinary cAMP excretion. As pointed out in an earlier report (12) , in newborn animals the secretion of ADH is small when compared to adults. Under our experimental conditions, the endogenous ADH levels might have been too small to stimulate the medullary cAMP formation at a sufficient rate. Thus, these data suggest that during the neonatal period the uneffectiveness of ADH on the urinary concentrating capacity results not only from the immaturity of the medullary cAMP system but also from the inhibitory effect of the endogenous PGE? levels. However, because after the inhibition of renal PG synthesis and even after supramaximal doses of DDAVP the increase in urinary concentration was small as compared to the adult pig ( 18). our data demonstrate that further components of the countercurrent system must be immature. without any effect on nephrogenous cAMP excretion and on urinary concentration; (2) nephrogenous cAMP excretion and urinary concentration increased simultaneously after administration of DDAVP when renal PG excretion was reduced by indomethacin.
(Addendum I ) The finding that even supramaximal doses of DDAVP did not affect urinary concentration in newborn conscious piglets is consistent with previous observation on anaesthetized animals (14) . As discussed there, the uneffectiveness of DDAVP on the renal concentration system results not so much f r o m t h e g e n e r a l i m m a t u r i t y o f t h e n e w b o r n r e n a l c o n c e n t r a t i n g system but predominantly from the reduced responsiveness of the medullary cAMP system which is known to mediate the antidiuretic effect of ADH (6) . The view of the unresponsiveness of the medullary cAMP system as an important reason for the uneffectiveness of ADH in urinary concentration is also supported in this study. When urinary concentration is increased. total urinary and nephrogenous cAMP excretion increases as well. In addition, the renal medullary cAMP content is also increased. When the administration of DDAVP was without any effect on urinary concentration. total urinary and nephrogenous cAMP excretion and medullary cAMP content remained also unchanged.
(Addendum 2) It is unlikely that the increase in urinary concentration and nephrogenous cAMP excretion after administration of both DDAVP and indomethacin is due to a direct effect of indomethacin. When only indomethacin was administered, it did not induce any change in cAMP excretion and urinary concentration. However, indomethacin could have acted indirectly by its inhibitory effects on renal PG synthesis which is also demonstrated in this study by its decreasing effects on urinary PG excretion. PGE is known to interfere with the hydro-osmotic action of ADH (1, 3. 8, 10. 17) . Inasmuch as in the neonate piglet PGE2 synthesis is increased relative to PGF?,, as observed in other newborn mammals (15. 19. 23) [the opposite was found in the adult state (21)l. one may assume that during this period the stimulatory effect of DDAVP on the medullary cAMP formation is prevented by the endogenous renal PGs of the E-series.
This assumption of an indirect action of indomethacin is not contradicted by the observation that the administration of only
